Summary. Bovine oocytes removed from 3\p=n-\5mm follicles were matured in vitro for 22\p=n-\24h. The zonae pellucidae were then dissolved by pronase and the eggs were transferred to droplets of preincubated bovine epididymal spermatozoa. Of 575 oocytes, 510 (88\m=.\7%) were fertilized and in 261 (45\m=.\4%) of them normal male and female pronuclei were present. In the rest male pronucleus formations were arrested or were undetermined (9 \ m= . \ 7%). Approximately half of the oocytes were fertilized by \m=ge\2spermatozoa. In some of the polyspermic cells male pronuclei of normal size were accompanied by less advanced stages, including sperm heads at the beginning of decondensation. We conclude that a cytoplasmic substance responsible for male pronucleus formation is present in about 50% of randomly selected bovine oocytes.
Introduction
Most mammalian oocytes matured in culture have low developmental potency after fertilization. This was originally observed by Chang (1955) and supplemented by Thibault & Gerard (1970) , who found that substance(s) responsible for male pronuclei formation are absent in the cytoplasm of cultured oocytes. There have since been numerous studies evaluating the developmental ability of cultured oocytes of laboratory animals; only a very small proportion develops to term after fertilization (Thibault, 1977; Fulka & Motlik, 1980) . Little information is available about the developmental ability of cultured bovine oocytes and their ability to achieve male pronuclei formation. Inconsistent results have been obtained in this species after in-vitro fertilization (Iritani & Niwa, 1977; Brackett, Oh, Evans & Donawick, 1980) and in-vivo fertilization for the evaluation of cultured bovine oocytes (Thibault, Gérard & Menezo, 1975; Trounson, Willadsen & Rowson, 1977; Newcomb, Christie & Rowson, 1978) also has certain limitations related to the fluctuations of the environment in the oviducts and the difficulties of testing sufficient numbers of oocytes.
To avoid these disadvantages we cultured bovine oocytes from which the zona pellucida had been dissolved and then used in-vitro fertilization with preincubated epididymal spermatozoa. Preincubation ofspermatozoa Spermatozoa were released from the distal part of each cauda epididymidis of slaughtered bulls directly into the culture medium. Usually spermatozoa from 2 or 3 bulls were mixed together to eliminate individual differences in fertility. The composition of medium was as described by Pavlok (1979) , except that freeze-dried calf serum proteins were replaced by bovine serum albumin (BSA) (USOL, Prague) at a concentration of 20 mg/ml. The pH after equilibration with 5% C02, 90% N2 and 5% 02 was 7-4. Spermatozoa were washed and centrifuged three times and resuspended in 5 ml medium. After the last centrifugation spermatozoa were diluted to a final concentration of approximately 2 lOVml. Preliminary experiments had shown that this concentration was the most suitable of those tested.
Small amounts of sperm suspension (0-1 ml) were placed on watch glasses, covered with paraffin oil and incubated for 5-6 h under the atmosphere described above at 37-5°C. Zona-free oocytes (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) Fig. 1 ). In the other 249 (49-9%) penetrated oocytes only female pronuclei were observed. Male pronucleus forma¬ tion was arrested and the sperm head chromatin had only partly decondensed or fragmented (PI 1, Fig. 2) . In nearly all instances these chromatin structures were situated in the vicinity of the female pronucleus.
Exp. Fig. 3 ).
Discussion
In laboratory animals fertilization of zona-free oocytes has been studied extensively and the results summarized by Yanagimachi (1977) . This procedure can also be useful for studies of fertilization and the first stages of development in farm animals. In comparison with intact bovine oocytes (Brackett et al, 1980 ) the penetration rate obtained in our experiments is consistently higher. The value of the careful procedures for the concentration of proteolytic enzymes, treatment of spermatozoa and their preincubation described by Pavlok (1979 Pavlok ( , 1980 was also shown for cattle.
We did not follow in detail changes of the acrosomal membranes during incubation, but light microscope observations indicated that the spermatozoa remained morphologically intact during preincubation; the acrosome reaction probably occurred during the incubation with zona-free oocytes. The course of acrosome changes was fully studied by Saling & Storey (1979) who found that only intact spermatozoa bound to the zona pellucida of denuded mouse oocytes and there underwent the acrosome reaction. Fraser & Quinn (1981) , who used a medium supplemented by glucose for the induction of acrosome changes, found that only spermatozoa which undergo an acrosome reaction in close proximity to the oocyte can achieve successful fertilization. It is not yet clear how the acrosome reaction proceeds when zona-free oocytes are used. However, Imai, Niwa & Iritani (1980) found that an acrosome reaction is still a prerequisite for sperm-egg membrane fusion when zona-free oocytes are used. Therefore, we suppose that in our experimental conditions, changes leading to the acrosome reaction occur in close proximity to the oocytes or on the vitelline membrane shortly before penetration.
We focussed our attention mainly on the fate of penetrated spermatozoa. It is generally known that the developmental potency of cultured mammalian oocytes is very low. The extent of anomalies after fertilization differs according to the experimental conditions and the origin of cultured oocytes. The most obvious indicator of developmental potency is the ability of the cytoplasm to transform sperm head chromatin into a male pronucleus as was originally described by Thibault & Gérard (1970) . Later, Thibault (1972) In polyspermic oocytes the degree of male pronucleus formation is variable. Some cells contain fully grown pronuclei which are accompanied by smaller ones and often also by sperm heads at the beginning of decondensation. Similar asynchrony was also described by Balakier & Tarkowski (1980) and Pavlok (1981) . They supposed that this phenomenon was the result of a gradual disappearance of the factor responsible for pronuclear formation after penetration of the first spermatozoon. Supplementary spermatozoa would have access to more limited amounts of this substance, particularly when the interval between penetration by spermatozoa is longer.
